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i- I 1In prps off this project -was to design. de-v;elop and deliver

t-iree .X-nand r~gn-power amplilfier chnains for use in ;- airborne. high resolunonz

-4a- Each chair.. corn.xorised of two Ax-nplitron crossed-field am. plifiers

(-QKSlZ431QKSl2----) and a fer-ite ;solat,>r. :oroti'ces a peak Dowxer output 01

:ZOO kilowatts at a gain off 27 db- The chains conmviv .wi th the technical recuire -

mnsset fort.n in SCL-7001/88A (arne-ndcd)-

I 2 The QIKS12'23/ 124 4 dcvelopment program was beg-an 15 July 1963

an~d wvas cc-mmileted -n. A~ SeAptember. 1964.



2.0 ABST:RACT

2- Thy QKSlZ43I 1244 anp~ifier chain. develoneo anid delivuered bry

Rav-theon Company for a high resolution radar, is showan in. Figure 1 Otperazmg

at a band center freqrency of 9600 Mc. its output stage. the QIKSl2-13 A=mphrtron.

orne-&tes in either- of tw node In or-- mnode, it ororduces a power output of
500 k;lowa::-s at 0- 0014 duty, cycle and, in the ether. it yields 7-56 -kilowatts at
0- 0028 duty cycle- The tubes are cathode pulsed and operate at a nominal effifciency

near 50!-!

2-2 In developing tht Aniplitron tubes. so-ne earlier experience was

uszd. but most facets of the Tube designs were new.- During the orcgra-an

engineering efforts were expended in developing new slaw wave netw~orks. a new
:- i &ndoow, suitable air coowing fin geomectries and in o%-er-z.!t .-uggedization o_; the

tube to meet the vibration& conditios..

2- 3 The chain test n-rogram included, as design tests. a 300ho-ar lifse

test and voe rationall vibraticn tes-:* For the former. 150hours oi oueration at

the 500 Idlowatt operating point was followed by 150 hours. at the 250 kilcrwatt

(nigher duty cycle) level- The liffe test was accomplhished without change of the

cha~in characteristics except for a slighn power droop durisig the first ffifty hours-

Vibration testin:Z to MIL -E-5400) Specificat-ior.Z was performed w:t-h a chain onerating

under full power conditions and was witnessed by the U_ S. Army represenvaiives-

2 4 Com~plette electrical acceptan-ce tests were performed for, and

witnessed by. the U_ S_ Atrmy on all three chains deie.T'hese tests in-clotde-d

parwer output ane phase versus fr.eqaenc-y. efficiency and phase sensitiviit, to v-arizi-

tic-ns of =_lsa cur rent- Each of th~e three chains was demonostrated to be in fz.ll

coinaliance wimsh !he soecifica-.io.s_ That' the gain. bandwidth. power, output and

ef-ficicncy requiremerr-rts wecre satisfied is shown by Figures 2 through 4. per-

fornianze curves for each of the chains.
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214In -.re d~sCuss_,tn, and4- .n.,Ce, tOf &cth test ecst.j;K at is 5!tciUP

:h.z-: tInc me.sured #.asCs ofaC then apifizer chains are bezzr !!t !.CI

- w-o.z c:Id te~bair fr-..- a TWT off ecual gain- Tlhs imropa-emen. is by a

fcc of 2 it rrespect 'to 'ioltage and a fctor of 13 with sec to cret

ais-s~'n tht ic Ineacononcn ofpoar outtpu (which is zme -aredorinant

corn-n>=ent) has Ihttle effect uoo-n srjstern reszonse-

2- 6 hn the concluding section reco-meneiations are wae~hich- zxhen

1m;)1erented, m: add-ional chains. -will result in more efficient and li1ihter

C ompo-nent5-
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-10 G.ENERAL THiEO~lY OF TiEAPIRON'

I. Amplitron t.ubes are characteriz=ed bv a eerteeconstream

deri~e frm aconinousy e~itin~cyindica cahod..The sheat-hof electrC.-..s

so forined, acting under the influence o~fa radial dc electric field and an- axiall

magnetic field rotates aboat the cat.hode and interacts =ith fri-ngi.ng rf fields fo

a slow-w=ave netwo-ý--. The generallized slow-w--ave structure shown in FiueSA

could re-aresen-t the interdigita! structure com:mon to the back a-rd-=Zrave osci-Ilattor,

the loaded wa-.eg~uide stru-%-ctur-e 0o a hi: h pow-er traveling-wa-re tubeeor the vane

strucoure of an- Amili-tren.. These circu its are all similar in the sense that an-

electron beam passing adjacent tz the circuit sees regions of rxf field only betwe-en

th:e circuit eleinents-while al711; th itii ln scrface the tangen-tial.

com-pozent of the rf field is zero- 1-hese circuits are 2alo band-pass filters which

wmil transmit only a par-.culIar badof frequencies bo-nd-ed by radian c-uofff

fr equencies L;I and vc Au a specific frequency, the rf fleld distrimoutlon 2seen"

by the electron strea-m -niighz be as shorwa in Figure 5 at ;L. gi-.en isntof time*.

By the standard methods of Feurier =-~'Eysis. such a waveform can be con-s-dered

to be the sum of an in-finite numIber of. sinuasoidal Iterms of form E si i3 =P-

T'hus, every frequency has associated wit it an infinity of te. ws (ae)

amplitude -- M vh-ase shift IS. radianslcell- A plot, of the vaosover al-'

frequencies in the Pass band of the ci~rcci: results in a most useful diagram-

called the ai-A diagram (see Figure 5).Tebranch of this diagrarn fr-om. a to b

* ep: esezas anl the fundamental ersof t.he Fourier series; the seg".. en Iro.-m

b to c re-oresents the second tecrms. etc- 3ran-ches other t.han the fu=!arnezzal

are termed space barmonic~z, and it is clear tz~at h higher zarnnonics --re v.e-ak

in amplitude- Th-s. we restrict ourselves to the fun-damental aud the fi-St =z..ce

harmonic ior practical usz;ie. For any circuit. ;.= act'm'! pr.actice. one a

obtain the - diaigrazn by a xneasureme-' of the- phase sh:ift per ceLl as a functi:Ci

of frequ-ency- This yield~s all ?oint.s on the fundam--ena.I branch-. The space

harmonic branches are then mirror images of the preceding *-anch so that te

are also determined from the one mesrmn.A simple way of, obtaining tile

data is to resonate 2, seis f the circuit in a htalf vraveleng-th mtode. Th-e

phaze shift per cell i.s then -z radians divided by the number of Cells in th-e cir.cu-iz-
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.-a.-.ig ob:aine-d :he -- diaz-ram. we -make use of it by Consider:nr

the slorne of a .os.:ion vector at any fre•uency of interest. This sio ,1/3 is.

by de:ntion. th- --. : -" at wch he w-ave ap;nears to be tra-elinz a.ong tbc

circuit :o an observer in tht interact:on space- inus, for exa.moe. ,t.e o-wevt

fundamental phase velocity occurs at lower cutoff r while at 4 the nhat

-elccit-.v goes, to inrini"v- The soace ha'rmonic w-aves --aays tra-.el .nore slowly-.

The velocitv, of energ-, Tran'ort along the c:rcuit is. by detmtn":on.

dul/dA. i. e-. the slope of the ciar-cte:'t-c itself at any .oint- Notice that in

the firstz harmonic branch the n.ase v-eaocity and the energy (groua) veor::l., ,;e

both ,aositive whiie for the fUr.dane-:ta1 br;anen thev 1-,ave opposite sgg=s. hi.•.caly.

this -e.ans that to the electrons the fund-a-=e.-xt.a. --- es a.=pezr :o be tra..t back-
-ards w-ith respect to the direction in z--ich e.erg. is ac:taiy fo-ing. .-'ne circu t

Itck- -• gi a %;rc W;

reoresaented by this diagra-i.-. therefore, is termed a back"aret-waie circit- A

"bac,---arc-wave circuit alw--as 'has a forward-wavt soace h.rnon:c.

IroIn our si.n.ole measureznenz. then, we have a result wh-..ich :IIis us

whether our circuit is fo.- ard-wave or backward-"ave and -hat the "has an:d

grcup velocities are on the crcu.t at any freoency := the pass band- Wla: wee

u-lid like to do n.Lt is to reoresent %n= the same Gtaghr-z the Grous -wae

which can exist in :he electron stream-. Then we could se-- at a 7Ance where

amplification -&ouid take pltce -iace. for any- microa=-•-e t;.be. the ob3ec: of th-a

game iS to cause tZ:14- n waves anda the c.ircu.it waves to pr-op~AgzC ut.cu

or near equal. velocities.

In the reentrant electron strea . man aves z--= exist. --hey hav-

two basic requireme•'s: (lj there must be an exciting force to set t z. and

(2), since they always re-enter upon :hemsei--es. the sTm of the pr.ase sh' -. s

experienced curing a single !'ransit around the •n:eraction space ust be -.

integral multiole of Z-x radians, The excitation force is derived from the rf

Voltages on the circuit so that t:-he electron stream rwaves are strong on-y near

a point where the bea--• characteristic crosses the circuit. characteristic.

Because of the reertrancv condition. the bern waves can occur onl' at phascs

_am -iU -
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Sa•-isfy.n #he req-ire.m.en't that the to--!-iase shift in one transit be Lradn a-;

Thus, at a given frequency. waves are possible fo-.which n = 1. Z. 3. and

these can be represented by vertical (constan: phase) lines on the L'-• diag-am.

aas shon-, by Figutre 6B- T'le crossover phases w-ill be determined from the

relation.

(S - ) •. =

wIhere S = the number of network cells in the circuit.

k = the length of the drift section bet-xeen inp..t and out*pult.

z. = the lesgth (pitch) of one section, and

n = any intfeger

By re-criting this relation in the form

Z---a
(S ;k) p

it may be seen that the more sections (S) are used in a given tube the smaller the

spacing between the vertical lines -ill be, or in other Words,. more space charge

waves w--ill be possibie o--,-r a given range of 23 va-uec. T--ese %ertical lines, ,which

reprezent the waves on tht- electron stream. are calledsDace-charge mod.s.- The n

number of the space-charge mrode corresponds to the number of spokes of space

charge. As .- r the :ircuit .waves, the velocity of the space-charge -ave is giv-en

by the slope of the position vector. Since the velocity for a fixed magnetic field

is a function of :1e voltage, one may see at a glance the relative operating voltage

in the vicinity of any-w crossover point, the point of rnaximu-n interaction between

the circuit and the s-pace-charge mode.

To amplify ir the vicinity of any cro.so-er frequency. rf drive at

that frequency nust be supplied to excite the space-charge mode. and the proper

voltage must be applled to the tube to rorrespond to the velocitiy reo--irer.ents of

that -particular space-charge mode. Energy ex-hange then takes place- if the

frequ4ency departs from the crossov-er frequency, it is obviou;s that the - - le-zy

- 13 -



of the circuit wave beings to differ from that of the space -charge waves. maki.-,

interacticn more difficah. but. if the rf drive power is great enough, a wide band

` frequencies can be_ amplified without losing control of the space charge- This

is the Amplitron principle - interaction between a single space charge mode aund

the circuit. The band center frequency. of course. corresponds to the crossover

frecuencv.. Because of the re-entrancy requirements on the space-charge waves.

it is seen that the velocity of the -ace charge waves. and thus the operating

-oltage of the tube. mr-st vary directly with the applied frequency. This situation

exists whether or not we are using a for,rard-wave circuit or a backward-wave

circuit.

4. 2 Much useful design information can be derived from computations

of characteristic voltage.-magnetic field and power output. Relations for these
I

follow:

* Characteristic Voltage V = Z. 56 x 105 (Z. 54) (1)

Z Characteristic Magnetic Field B 0 21200

n-3 6 x !08 (0.9 C -d 5-

Characteristic Power P - 4-3- ,6x1 (0.9) h ()J[ -dcIlZ i VfI da
L\.iT : dc 11 (3)

where da = anode diameter in inches.

n = the space cl.arge mode number.

X = the operating wavelength in centimeters.

dc = the cathode dik .. ter in inches. and

h = the acti-.e anode length in inches.

I Deriv.tons of Vo. Po. and Bo can be found in Collins. Microwave Ma\,nz.trons.
McGraw-Hill. 1948. p- 4!6.

- 14-



3 The operating volt•ge. in terms of operating za~nctic f-Id.

- given by equation 4.

V B
-V--= 7-

0 0

4..4 It can be shown that the efficiency obtainable from a gx-uen

crossed-field tube is intimately related to the ratio BIB o Hence. one can
0

select a B/B ratio corresponding to the desired efficiency as a starting point

for the design- Then, through the specified voltage and equation 4. other param-

eters can be chosen. A guide to the relation between B/B 0 and efficiency is

given by the empirical curve of Figure -i.

-. 5 Bandw;idth capabilities are indicated by reference to Figure 6_

if one departs from the band center (crossover frequency) in either direction.

eventually there will be sufficient velocity slip between the space-charge waves

and the circuit waves to shift interaction from the de--ired space-ch-rge mode

to an adjacent mode. The transition will be accompanied by voltage and current

discontinuities and. therefore, must be avoided by restriction to the design

mode. If the number of sections (S - k) is small, band-wridth capa:bility will be

increased since the P separation, o. the space-charge modes will increase. For

a given value of (S + k). greater circuit bandwidth will lead to greater operating

bandwidth because oi the consequent reduction of the absolute velocity sip at a

given frequency- By combinations of these methods, up to 25% bandwidth has

been obtained in practice. The tecnnique must be ased with caution, however.

since increases of bandwidth are necessarily ccupled-with reductions of gain

capabiiity for a given type of slow-wave network.

4. 6 Examination of the characte:-istics of a large nu:mber of

differing Amplitron tippes 'cads to the approximaton that about 10 db of gain

will be obtained at 3.5 Po. (characteristic power) and that 17 to 1 d5 can be

obtained near Po.

4.7 By tudicious ze!cction of *,'-z desig. parameters. we can

reasonably well det-r.rmine in advanc• •he enpezted voltzagc. efficzvncy. power

oautput. gain and -ar.dwidh of a proposed tube.

- iS
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FACTUAL DATA

5 1 1 Trhe ovuput stag-- ot tne two--szagte amrplifier. sio-xrn irt Fig.re 3.

is aes:gnated as QKS1213- Tne driyucr szagc - designated -.he QKS1244. is shown

in Fg9-v T Tnesr zw-ý- Anmlitron tub-es v.tan a Rav-n--on MH2-! Ierritc isolator

',. mo-si.age amopifiler sn~o~x- pictorially in Figure 1 and in block diagra-m

for-,. t,- Figure 10

1- Z' W h~f with a I kilormazz (Peak' r. .. ju s; nal !me arivUif cr
-pill pýroduce aun ovt=ut Dpo--er of 500 kiltr-ats at . 0014 dutv; factor or ;5*AzZ!

at- 0.028 duty factor. Tne bandnidtr. is 150 Nic minznuum. centered ax %9'00 Mc.

b...t greater b~anndwatdtn _aza:-.iizv 'Is av~ailable f rom.. te design. bath stage po

integral erae!tmagnets, are cathode -pulsed and use forced air- cooling- The

wavez~de n=-t and- auo-u-t or. eacr. tube is furnished in RC.-SiIU wwareguicie
(518'- x 1-114*- and tre wa'.egu- e flange me :zicve flang ype i~5i

5- 1 3 The two.-stage amnplifier has bee:, designed to operate at altitudes

of 40. OCC feet under tze te..zper~ature cocrdi-tions spec:fiecd fror Class I eqmpnien: in

MIL-E-4G~).The ::iigki v.oitage busnuigs requir-e pressuriz=ation. The tube chain

na.s been teSted ,P-;r -pe.rvva. eng 1ui~inn~s to ihv, virazic'n~1 ?~l~ of

XU!L-E- 5400-

5- 1.-4 AIlmough tne specitfied nxi~niu:- over-ali efficiency of tne cha'M

-s '-)¶ tne actual c'bservevi efficiencies are neo!:in-Olly 50-3- The wLeight of the

en'ttre chain orCO-sprisinlg two tubes plus isolator. is 45.6 lb. A reduction of

anprOXIMnalehy 5 lb is feasible-

-17-
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5 1. 5 For refe ence r.•oses the maj.o.- electrical and mechanical

spntr.fications of SCL-700 I i$SA. w-hich the tube chains had to satisfy, are given

Dlectrical Oneration I Op.eration II

Peak Po-zer O-utput 50• k- (=.in) 250 k- (run)

Dttv Cvcle 0. (-1014 0. OS28

pulse Width Z. 0 z s. 0 Rs

Efficiency 40% (.nu, n) 40r- (=in)

Center Frecu,:nc• 9600 Mc 9600 Mc

Lnstantanecus Ba-adwidth 150 Mc (min) 150 Mc (rain)

RF Drive l kW (mnaxi. !k (max)

'Phase Linearity . . . The phase versus freque-cy characteristic
wiH be taken as the summation of a linear
com-'moenz. a f.rSt-order sinusoidal comao -

nenz and higher order coxponents - The
first order component x•ay be no greater than
one-balf cycle o-e r Che required' frequency
band. and its auntilitude must be less than
-6 degrees.- .'gher order com--o-ezts m=-:st
hav-e ampllitudes less than 4- 0 degrees. Stated
mathernatically. the recuirem.ent is

B. .b = b 5 b~sin nc L;

where B is the steady-state paase char-
acteristic

bo a constant

b 1400
Co ;1 ; •t:.•

150x 15

.Axalitude Flatness < 0. 5 db. and + 0. 3 db for com:n-oents > -
cycles

.hase Sensitiritc 1. 5 degrees per 1% variztion of =Ise oo-a-cr.

-ZI -



M- --1I I+

Tern.atu.-cp:eudr MIL-E-54.00. Class I

C •-I Z.- forced air

)e nr .MiL - 54.00

V,' b -a*vni per MIL-E-54.00. Class i

"i-2 Develcp-'=nt cf the OKS-1243

S. Z.i Desien Paramneters

5 - 1 I The final aara.-neters for the interaction space design of the

OKS1243 are presented in Table I below-

Table !

QKS1243 Desien Param.eters

Band center frequency. fo 9600 Mc

.Xrnber of acti-..', network sections. S 18

Drift section lengtn (in network pitches).k z

Netwcrk pitch. p 0. 0772 in.

Space charge mode n L-±..br. a 8

Anode dimn-eter. da 0. --4a in.

Cathode dia.eter. dc 0 280 in-

Gharacteristic voltage. Vo 6310 iolts

Characteristic -. ar.gntic field. Bo 1254 gauss

Characteristic power. Pc 371 kw

Approximate BIBo ratio 3.25

Op-ral:ag voltage 36. 5 k%

Interaction space length. n 0. 616 in.

52- 2 The Phase F-re uen.-m Charac:eristic of the SIo-.v-Wa.e Circuit

5 2 2. I The proper zhase freq,:ency characteristic for the OKS12-1.3

%as determined throurgh %.omarxs-an of the not and cold test results of several tubes.

A final design. •rpresented by cluster 2 420 wn:ch was ased = tube tF (chain #3) is

documented by Figures iI znd 12. Fiu.--e 1 1 snows a resonance plot 3hainx d bi

A cluster :s an slow =ave circuit assembly t.z.-npriscd of vanes straps 4XYd evd
ec. e r

O•22
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t--rmin.±t~nv tne aaeguiude uf a standard reflectoineter vwztx' a cylinder containing

me r. duste r assembly-- Thc c us'ter assembly is inserted witn the free. or floating.

s~raap l.osest to tne moutn of tui.- %taveguide aund =ith the drift space adjacent to one

of mne narrarx =alls of the mzi--gu~de- The plot is useful as a control for electrically

duPI.LAtinh a satisfa.ztorv assetnble- igure 12 showxs the phase shift per section

v-rsuis freauenc-v chraracteristiý. obtained b%- me.;rsurement of standing wa7,,s on

the sl-a wave ne-mork. Tnis method gives true chase shift but is time consuming-

pe.-forma-nce data, the rsaceplot method is more accurate for additional

assemblies.

5- 2. 3 Network M~atchiae

5- 2. 3. 1 Matching of the slow wave structure to t&, uniform wave-

guides was accomplished in the usual fashion using ramps and two-wire trans -

mission lines. Praia representative of the final design (obtained from QRSLZ43

#G-Chaxn -94) are shorwn in Figure 13. These data show the input reflection co-

efficient when the output of the Arnolitron is terminated by a matched lozd and

therefore include the lumped effects of the input and output transducer mismatches

5-. Z- -4 Sziectral Power Distribution

S.-2.4-1 in addition to achieving the best possible -- atch ov.er the

desired operating band to secure good phase -frequency linearity, it is also desirable

to match the zintuedance of the slow =ave- network all the wav to the lower cutoff

frequency. This requiremeent can conflict with obtaining an optimum match in the-

required band. If the match could be mrade ideal. i-e. . network matched revery-

whe re. the Amplitron would produce essentially no spurious power. Trhis is

because most -Amplit ron spurious signals are generated during the rise and fall

times of the m,.dulating ;=hie when *.he space charge is synchronous with the lower

frecuency czrcuzi waves, in practice. however. an ideal match cannot be attained.

althouxgnh Ln somne Amplitron types it has been approached- In the case of the

QKSIZ 13 and QRS1244 tL~e best possible match was obtained -aithin %he given time

and fru17ring. primaril-y cezn.eisratzng on the in-band --.-tch-. The results were

adequate. as dete rmaned bri measurement of the spectz-al signature of a co-mplete

chain. Thr se data are shown in Ftigure 14. It is expected that in additionzal tubes

the spectra. levtel can 1se reduced to -35 db in all regions and to -40 db in mnost

- 25 -



.5 3 I I 31

1 121 1

9.2 9.4 9.6 9.8 10.O

FRE9UESCY c 035

FIGURE 13 INPUT VSWR vs FREUENJCY
OKS12l43 9i4

(IWATCHED TERM!INATION)

-l2-



ciJ

I 7 I I III

-II ID

_ _ C-2
Ip EA I I3 a4I

27 I



5- 2 -5- I An improved rf window design was developed specifically

for thec QIKS1243/11-4 prog ram-. A pillbox design, the window is simple

mechanically and easily fabricated- An rf match typical of the design is given in

Figure ` Nldw;ýy in the p-cgrann. it was found that welding the window to tht- tube

body surnet-m-s resulted in frequency regions of abnormally hi;ch insertion loss-

CG..nsecuentlir. the w~indsows of all tubes shiopeed were brazed -.c th.6 LI~be bcxivr

5.2-6 Cold Cathode Operation

'5.-.6.1I Cold cathode op:eration of the QKS 1243 was anticipated f rom

the beginning and was. in all instances. c-cmipletely suiccessfiul and free fromm jitter.

Therefore. these tubes were supplied with only a single binding post connect.ion for

the high voltage lead- To avoid any problerms of Isong range sagging of the cantilever

mozinted cathode, ver.tcal mounting of the tube's input trushing was recommniended.

5.2-.7 Coolinp- Analysis

5.2-.7. 1 The QRSIZ143 A.-nlitron was recouired to haye a forced-air

cooled anode. and had to meet the requirements of MIL-E-5400 for CIas5s 11 equip-

m-!et to -in altitude of 40. 000 feet. The cooling air tempoerature at that altitude

is nominalliv 31 0 and interrnjnentlv uo to 47 0 C- ht was assumed that for satis-

factory cooling, time ho.t sow, on the externnal surface of til'e tube v.-cxud Save to be

less than 125 0 C - The hot spat ot the intermnal surface of the anode would have to

less than -1-00C for the 31 0 C am~bient ternoerature.

5. 2. 7. 2 The maxinmum an~ode dis sipation was assum~ed to be

1050 watts (700 watts output at 40% efficien~cy). !t -pas assumed that the hontest

v.7ane is located in the worst position for cooling Iadjacent to the drift vane) and

that its dissipation nrust be tn-ice the averzge for al: 20 vanies. it was fuether

assumed that 80% of its dissipation is unifo...'v distributed over the ýLerater 0. 35

inches of the vane face. For the fin- design. it was -assurned that dissipation in

the general area of the worst vane would be i. 5 times the average.

-2S -
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5- 2 7 3 The design which was analy-zed and used in the tubes was

defined bry Raytheon dra-vings

B626933-1. A6274-70-2, A626832-0. A626S83-0. A623443-1. A623444-l.

A626939-1. B62694--4. B627121-2. B627122-7, L62Ai23-6. A623434-3

This design.sr.o•o-n in the outline- draw'ieg o•f F-gure lo. is reasonably

ow-,m:zed but itnroveznnts _oLuld "b made it additicnal eifcr.t T-.e fin gL.,me-ry

witn regard to thick. ess. spacing and size cannot be significax-tiv im-nroved_ Reduc-

tion of the fin spacing would increase air fl--w resistance too -c-. reduction of the

fn thickness -would decrease fin effectiveness too much; increasing the fin size

would >iso decrease fin effectiveLness too much. The uze of interruption tabs in the

air flow .ath would increase flow resistance. but 1 .ight result in a net improvermnez

in cooling with careful design.

5- 2. 7. 4 A change that would aid cooling efficienc7 from two points of

view would he to increase the nu.mber of fins from the present Z3 t•, 27 b in-crea-sing

the anode height. With this change, it would also be desirable to increase the

spacing between fins, since it is now difficult to prevent solder from bridging the

fins. Going to "- fro. . 24 fins. as an exaxnple, would reduce air flow require-

ments b- 1016 and pressure drop by ZL-

"5.2. 7. 5 Comnputations of air flow and total anode pressure drop

requirements ware made. T-he results are gi-ven in Table 11 for both sea-level

and 40. 000 feet. wi-h the corresponding inlet ,. "- t",- -- ratures as gien in MIL-E-

5400. B.:cause the highest dissipation is assurne-. .-e near the waveguide side

of the anode, the results are different for the tw-o possible air flow directions.

The Dositive direction of air flow is defined as supplied from the rectangular fin

entrance and exkhausted at the waveguide end of the fias.

30-
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TABLE 1!

T Z3LLAT ION, OF COOLING- -ANALY'SIS RESULTS

irFlr D:rectuon POS:uve_____ N~te N~egail;e

f~ut eet a 40. Oft 0 40. SOO0

t~er nen-ratut~r ~'2% 55z 3! 55 31

fGom rate. lb,".-=-. 5-3 3.C 3- 3 -Z- 3

~iet de~si:v, b!P, f 3  0-00-1 0-0137 0- 06i 0 0137

nInlt fo aeCF 52270 :57 168

Aznoe Omssure drop. 1.6 ~0 L 1 3.8
inches Q! 141>

5- 6 ft is assu.-eo that air will be suonlied at the abmove- oressures

and temperatures tr~a gene-ral zur supply in the aircraft- The air blc~rer =st

be vlaced CIO- nsearn to vz'"1 2L: thro..gei the frlmi szce the d~~~

ture rise due --Z the bl~e vill1 be too high to all1cw cooling z2- to be supplied fro--

the blower-. The neg-ative air flocr' dx-rect.-om is mnost 1--gical. both mech'"ncally

and th zal.for. exchaust bacomer cczg-F.i~tering of, the zinet air is recon-

ff D ossible

5- 2. 7. 7 The worst verformnance Doi--- for the blo'a-er. (at ua

condtzt-ms) -.s az xu alltinne- With the abv-e exhaz-ast blower- arrangemienx.

the bul~k temperature -rise thrc=igh the anmodme is 600 C at alzitede. and the bica-er-

Must =are 203 CF-3M of air (heated bm. the -code) at a dens:.ty of C- 0113 lblf1 against

a head off 3- 3 inct:es of :!>O 71%e blower izlet is 91 0 C. amd the Coitlet may be as

high as 150 0

5. 2.7- 8 --U the ine-ernitnen: ccmd:-ticn of 470 C inlet air te~mperatzre.

a blo~~er just neexing~~ the abzre point wiLl fall off abo-ut 5T nms lxrt h

anorde hcot s=~ %eort res 1111 be =ncreased about ZOOC. and the blower znlet.

temoeratures will be aboni 111I0 C and the cultas high as 17 50 C-



7QT C--i~be VAX-4* 5-LC 'ka.I.?Jx Ol --e- - 11siffice icr

.~K12.3 AOht~nTn.$ IIi sl Ut-. ude-5iZeO ;OrOperitiOnat ; a4cficter- -!d-

~ 1~anvc terurea~ deabotZ0C hoiter znanuizinzndes,;r.

- ~nze tzr-c az.Uz-~I effii Iencv- ;sSe r onunenie blow e risentirelv ad-ecutc-

7. 13)And cooling in zhis design is of a nature described b-.

L!I. I .veiped lanizuar -flux- (limuiting Nesseit n--unber)- As Such. 'LOOlxng with the

zb- blower =zll great ly zzn~ra-ie as altitude is reducea. as a result of hishn.s

fl..even for a bigh-slip motor- This t of Ct nicor is desired for this a~nlzca-

:nbecaus- it allcaws the blow-er soe-ed to dron off as it is miore heaa.ilyv loaded at

low altitude. reducing m-otor power cansuznptiou-

5- 2 a 8 firzh Voltage Bt~shinz Design

5.2.5. 1 Because on-erat iom of the am-ailfier chain at a 40.000 foot

altituzde -was a design requiremeent. v-oltage brea-kdown testing wa-s begun early in

the program Using a b~shing formerlyv used successfullHy in the QKS5SO6 Amplitraou,

znOOdIfcatio--s 'were imcorpo0rated to rede t less prone tobreakdozn-at a gri-en v~oltage.

Thne results of tests on %his bashing ees-.,n are shown in Figure 14 -with a more or

less ideal curve'! xnclud-ed for comn-aaison.. 1ndicated also is the Coeratung

gradient required if a bshing of the origina length were to be used..

5- Z S-1 Sm elforts werm exDpende-d in testing trial geomne-tries

=-hich mntg mnrase the breadown ziotent~als. notably the- use of corona shields

and rounded edges where possibae. These efforts -were nrA successful. The
altenatve as t zureae th bubiZ le-igth to p roinde- !he required, operation

-nith a reasomnablet saiety factor- 11is. how-ever. weald require a bazshing 6 inches

in length a length inco:nnatible with the vibraticnrcurrnns

5.2.. 83 One alterna"ti.e dcsign ivestigated is shouni h -a

phot(ograph of 'Figurze I8- Sur-rounding the bmhisbig is a metallic shell :filled with

mat2eriAl oi high d;ielectri-;c Strength. '-r.ý the toID of the shell a fliglead is

braugb: oza, and the shield of the iflyinq hzad is bond-ed to the shell.. T1he grounded

..onsz-ruct"on was used because in earlier zzoitin~g zx7Derinents it uzz icand that

3DA-36-039-SC-55331

4 rmdaaa lec-rcna--cs-. I'a~lhan an-d Seely. McGraz-Iii-l. 194!. n- 29S
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corona difficulties be encountered unless a path to groun!A =as ---ovided A

rneasu-c ^z_ st-ccess -a-s aaizned r-ith the design oi- Figure 18. yet it was abandoned

lfor the followsring -easons

(a) Air ixblbies occluded in the potting comnound resulted in

dielectric breakdo-a-n and conset-u-•t failure. This problem

could have been solved by imrc vement of the potting technique.

(b) No connector was commercially available to connect the flying

lead to the pulse t-ranformer.

(c) The potting and --metallic grounding required to prevent corona

z-c.eased the 1 -K capacitance from 1 1. 5 to 82 pf. -Although

the latter could have been reduced in the final design. there

would always be a lorge capacitance.

5 2- 8.4 Based uDon the above results. it avpeared that the best

approach to the voltage breakdown problem wculd be to p-atially Pressuraze the

i=p= bushing. Accordingly. "urther efforts at po-t.ing were droeo. _

5-2.9 Desin for Vibra-ton

-; 2 Q I Three sensitive areas exist to which attention must be paid

inachieving a vibration-proof tube design.- First. since a tube is usually supported

from bolts which pass through the ,e-. *=nt znane.. it is desirab-e to have a

lou.•r-point con-ection with each point remo-.-ed from the tube axis as far as possible

and equally spaced in a-imuth.. This s'-ieme was adopted for the lo-w power stage

(QKSI-4). "Hcwe.ver a different design was available for the QKSI!-43 from the

prototype .A•plitron. This design (see Figure A) prov.ides two bolts passing

through the magnet for .ri"mar- support. -Au-xliary support to a surface co-planar

with the edge r.f the magnet and parallel to the plane of the bolts is also required-

- 36 -



.2. 9 2 -1--e seconzd area of importance concerns the ,.x-nni.-mization

of relative -notion betmeen the anode assembly and the magnet.and the waieguide
"f anges w-ith respect to the m.agre±. A technicue which aids in the latter a at the

sam-e time .re.-ents defor-m-.ation of the -aveguide due to .hysical bha.dling is the

.rovision of short su.orting struts between the -lange and the magnet. T-ese

struts are b•-a-ed to the waveguide and project into holes in the magrnt. where

tery are secured with epoxy. The same epoxy (Bigrg*s #460) -u-se t* ot •he two

holes in the magnet which encloses the tube 'body keeps the latter rigid with respect

to the -•agnet. In use. additional supports between the w-aveguide flanges and the

equim.nent framre will be required-

5 2.9- 3 T-he third area of ;mnorta.n-.ce. -hich req-ired considerable

engineering, =as the dev-elopm-ment of a cantilever ca-hode design =-hich i,,-¢tld with-

stand the reamired -ibratii-. The ir-tial design, from the QKS506 Amplitro-.

sho--ed mechanical resomances at 115 cycles and at 180 cycles-. A number of

changes were recuired to achieve a design good to 500 cycles. These were

guided bi the general pr-nciple of obtaining a geometrical coe of tapered mass.

In the end the design was completely cha--gea mechanically. Se'reral joints.

which were pre-ic-sly welded. were changed to brazed joints. The test of the

final design sba--r in Figure l' -was resom-ance-free up to 850 cycles.

52. 10 Q(KS1243 iHot Tubes

>-. 10.- ;For the record- Table Mi presents design and process

in-for=atio for ea--.; of the QKS••12-43 tubes b-ilt during the progra•m.
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TABLE I14

SQS 12- CONSTRUCTION DATA

Ti-be Bakeout Getter Outgas
No. da dc h a brs at 450°C at 1.0 Vlt Disposition

A .500 .300 .616 12.5 hrs * 4500 C !0zap Faile-d - W-dow-Wedh

"*B .480 .780 .616 24 hrs at -4600 C 10 -amp Scra..ed

C .- -80 .280 -616 Z4 hrs at 480°C 10. 5 Yn- Life test

*D .480 .280 .616 18 hrs at 4O 0 °C 10. 1 aen Failed -Wion•oW td

-E .490 .280 .616 17 hrsa t 460°C 10. 0 amp Chain -92

F .492 .-280 -616 19.5 hrs at•J6O0 °C 10. 1 amn Chain #3

G .492 .280 .616 20. 5hrsat460 0°C 10.0amD Chain•4

5 3 De-.eo--•=± of the QKYSI-244 .Amlitron

5- 3- 1 Desien Pairaxneters

5- 3. 1. 1 The final narzmeters for the interaction space design cf the

QKI--" a-e~ oresented in Tablh IV belo=

TABLE IV

QKS !-44 DESIGN PAR-AMETEIRS

Band Center Freqmency. ;o 9-6 Gc

N'number of active network sections. S 16

Drift section length (in =twork pitches).k 2

N et--ork pitch. p 0.0506

Space •ch.r ge mode -nbc.-. n

An.ode dia-•.zzter. da 0.-90 in

Cathode dia---eter. dc 0- 178 in
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Cr..--. -stc .Zfg.c-tetc field. Bo 1555 gauss

Chir:c-r.is:pc .oer. Po 48. 7 kw

App-ox.•.•tc Bibo ratio 3.-28
me ••r-z.ngvoltage 16- 0 kv

Int-eraction space length. h 0 ZSZ in

5- 3- 2 Phase .-Vruency _Characteristics of the Slow Wa,.e Circuit.

5. 3.-2. 1 The methods of achieving and reproducing a proper phase

shift characteristic -ere identical to those used for the higher po-wered stage_

_or record .rposes Figure ZDsho-ws the resonance plot for cluster 17 (used in

Q.KS12Z -. ) and Figure -1 shou-s the results of detais --d - szfz: m-.as-r- -

5 3.3 .atchine

5. 3. 3. 1 Matching of the sl-ow-wave circuit to -uniformn aaveguide was

l-ccomplihed by rnean5 of ta•ers from uniform guide to double-ridged wav-eguide.

tucune e-ia -paraitel planes to the e-t--ork straps. A representativ-e match (obtained

from QKS-1244 #1 - Chain #4) is shown in Figure 22 Imp.rovements of this match

car. be made as aditional tunes are b..Mt.

5. 3- 3.2 During the development of the QKS12-14 problemns wecre

caused tq- a drift section resonance 'which -was very weakly coupled to the input

vtaveguide but strongly cor-pled to the space-charge. The result of this resonance

insofar as cold test =as concerne" 'was a very narrom band mismatch near 9300 Mc

iaith an amphltude as 1o-a as 255 in.n- .-eflection for a matched outcut_ Yet. at hot

test. .=oe r =ould be generated at ,h:s frequency and little of it would be propaga:ed

to the ouaput. The end result was lw gain and lo- efficiency.

4 -0 -
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5.3. 3. 3 In overcoming the problem -'larae number of experiments

were required. T-hese uicere described in the in'c. i-n reports- In the end, a curt-

U&.as devised -ahereby a stx-ap-like memnber was bridged across the drift section tc

dcicouple theC resonance from- the space charge-

:i 3. 4' RF Win-dow

5. 3.-4. 1 -1he --f windows used for the Q-KSIZ41 Armplitron. are identical

to those developed for the QKSIZ1243.

5. 3. 5 Cold Cathode Omeration

5. 3. 5. 1 At the outset it had been expected that cold cathode opera-

tion of the QKSZ*-! 1244 woud be- achievable- During the course of the progra.mr.

however, it becarne evident that such operation, although geerally successful.

mould not be reliable .inough to be specified. The problem relates to the relativ.ely

low; peak rf drive- power avail.1able and to the low back-bormrbardmeent power being

fed to the catlhode structure. Because of the latter, any accidental application of
ovre voltzgt to the tube (as for example, might result from a t rigger misalignment)

resultt; in a co~dition wheret-v the cathode q~uickly becomes p~oisoned- To over-

come this -pssibility. it was necessary to -meciff- 10 watts of heater power to

en~surc that the poisoning phenom-enon would n-- easily take place

5- 3.6 Cooling.A-nalvsiý

5-.3, 6. 1 The QKS1-244 Anmnlit. on, li-ke the QKS1243. wras to meet. the

eqieents of MIL-E-5400 for Class I -equipment. but to an altitude of -0.00OO

feet. It zssumed that for satisfactory cooling the hot spot on the external surface

of the anode r.-.rs- be less than 125 0 Cand the hot spot on the internal surface of

the anode must be less than 4500 C. for the 31 0 C air temperature. The total

dissipation at the anode was assumed to be 84 watts (56 watts outp~ut at 40%.

efficiency.)

Details o5 the internal a-node structure were no. considered, because

it was known that with =suall construction the internal a1-node coppe r hot spot wolud

be much less than 450 0C



:5 3 6 2 T~he exzerza--l Jesign of the tub,- consis.ts of a 1 1 -. n-

ranode C:r br:--2-d :=to a zmecc of 1 114 Or 5IS inch Copper wavegui&-.

!:I -i n.ýt v.ai thiknxes~. and of 6 an-ch length The %::hole assembly is

r o-oIndcd b a ')-am! m-agnert :nough wahich the tvro wateguide ends ~ord
*S- :gure q",-

5- 3 6 3 Pre lzrniam :- onua ind .necated that ntatural cooling

incans wEere mna-decuate. !,: that :he -azaveguide bad suffficient conductance so %hat

.is surface can be used for heat exchang~e by forced con-.-ec-,ion fit -was decided

ratthe uantbe used as a DIlenumn chaunber =izh ai-. being supplied b-. blon-er or

du rein an arr supplr through-u~si temge The. aiir iodexchaust

,n ro~igh f.o=ur finn-ed neat exchange sections on the -=v d at the ooning:-rs ui ht

Mnagnet Ti, e finrmed sections uwozald be- br ted or soldered orto the wade surface

o. th a'-~:~e as sho---n byjFgr 9

5. 3- 6 4 .The fin copper thickness represents a ccn'-pro: ise between

fzn effectx'een-ess and air flo= resistance The fin soacing rersnsa cornarcm..se

b,-txceen co-oIzng and- .!Uat collection; Hf t:-e air were clean a nc-dez. zely ' arger.

inu-nber of co: rugations could be used-

Con put-ations -. ere made of required total air flow and resulting

total zaressure dro-a for the finned sections The least effective design (12

coruaton)was assumned fer these com-rpultaion-s. It was also assume.d that

pressure loss a. th.-e bio-mer entrance throuph the waoe ~uld be small (eurn

a cross-section of. at least 2 s-uuarc .-nches) and that air leakage "rat Of the magne-t

(other than through the finz) -acruld be negligible. A bic-vtr iound to be suitable

was thet AxIiax 3,xith 38-US m.ozor- Az -40. 000 feet altietude this was coinpxated to

just in.-"t the re-uirenwri'As (44- CF, 0 60 lIb=rrt 0 Oý .10)- while coohn a

k'ipWcr ait-itudes was sligkaly in excess of requirements-



wiA~rx3 xth me0 -S~oor woucld prde be'ýe-r cootl;-

17-ý7 h :'.1 &I',1V~e r&gV. b-- uses si:ghtl; mnore PO-Aer (less 5l;0) at !O= a!xz~l.:d

Ar.Ax.r'.x 2 -zth 3505S znnmor ,s :"ode r-atel-v Undersized over the fu-ll alt~tt.de 7-ýngc

-tri may bc adeczate .f the- anodce dissoza:-arn is less than 8-4 =ans.

5-3 Desten for V.:brat:on

.3-7. 1 N~o narobleras -=re enca'-'vreeinarir.2 the QiKS1244

fu'r v.ibratzonm The ane-sly deszagr.-ed per_-xa~e znagml -=as berI -shaved (see

F~gure 2 5) to armn.. de a for-po. :;Gt mr--mt ing Arrangement -Tne szdes af the b-,;ls

'Were Made to ene luse and suppo~rz the %:n.t and output waveguides- A firm. bond

bett-%en the tube 4xd th_ rni~gnet was assured by tbe use of epoxy arceind the inxzt

bcshngn base. the erxhaxxst end of the tube and4 the :we =ra.meguid-es as :thy passed

th~rough thI!e niaget. The cathode. '=hzch is smaller and shcrter than that ovi th.z

QKSIl-43. posed no design probi erns-

3.3 QKS;2--tTubes

5 3 -8 i 'a able V p e s-nt-w pertinent inio nta-,ion for each of the

QKSC5"4Z tube-s 1xuil: urn the progrann

Tabe v

Q-KSI2_.z4 Contruct~omm Data

G-ene r
Tube Nc. Ca -4C h BakC4ccu Qit-.zas DI t3

A ZI4 .151 IS~ lhrs at 4S C 5ec 1 s5 a==5 scr.ap

A-I .264 1360 .29t a a: 4001%era

A-! !~. 60 250 i 5. 5 at 4 C- Sc rac

3 26-i S.Sat450 Scrap,

B-1 2;5; ~at 450 Scrap,

B-3 - S64 ran,

C .2,54 H,2 Z50 8S -at 40 ISOF
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TABLE V IContin~cd)

---be.0- da. dc h B_2cow. Oute:as DisZOSPi'i c

C-i .261 .149 .250 6 hrs --.4 50 0 C Scrap

C-2 z.t; .1c' .250 .Icran,

D 2;4 .16Z .280 "Dcrapa

D-1 .264 .1-5 2S0 Sc rapa

E 2'i0 M1: ..2SO -0

E-i ZqO 177. 280 Is at4-60 1-6 -4.5 Chain #3

.290 .178 -280 8- 5 at 450 Sc rao

G .290 I-e 17 -280 16. 0 at -460 4.0 chain zk

-17 .280 a- 5at 190 7 4.8 Life Test

1 -290 - 178 .280 Z3 at 460 .5ciain4

C!h-in Performamcc
4. 41 Test Facili-ties

5-4-1-1I F~r test modulators were used at ivariou.s Ii-mes during

the OKSIZ-43I 124-4 program- Three were line Ity-e modnalzors aed; one was a

hard, tube modulator- The test art-a is illustrated by Figure 24 The line modula-

tors wer:e used to ope rate a special 1 'k- magnetron at Z_.4 =s. the QKS Z144 at

2.2 izs and the 0JKSIZ143 at 2-. 0 jts al! f-rom a common. delayed trigger generator-

The hard tube modulator zroi-uded the =e>-s of processing both a QCIK1243 and a

Q:KIZ-S!24 snnltaneously_ For vibra~ion testing the three line type xndlators

were =0o-.-ed into the eMyi70n-Menta]1 test laborator-y. In the =71.: test area a screen

roo~nwas avi.alable w-thin -zhic~h sze ct ral =ower =maasnrements were made with a

Pola~rad rIM ecei-.er.

5. 4. 1. 2 Phase measurements vere made using a c om-entienal wa-ce -

guide loop, tech--;ae as shown by Figure Z5. DzIiculty was experienced with

crossgtuide couplers in that the pha e of the outpzut wa-.e did -not track from one

c~lr to the next of the sam-e t.rve. The nroblemn is exemplified by tite data oi

Figure 26. in which the phase difference between the output arm oi one coupic r

and the outznt ar-= of a szrmilar counler has been olozted as a funetuon of !retuencv

The mnabzlzty of these couplers- to trac)i plus -rler lesser fcor'-Inch con.ribute

to calibration cur~-e de'vnation frorn linear:..-. results ;-- a czrndition-a-bere cal-br.a-

tion errors are of the saeorder. of =a_7nit1_dc as the pbase differences being
meaure. .1thuih %he data presented fmr. the tube chha;n --hoa clearly that they

- ;S -
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-nee! the szxc!ficatior-s. it is be!:•-cd that xnany of the a.parent ---riations a:-e

:llusi•ns caused by. the test se~up.. Anothe:r source of error in the ohase linearxt:-

mta. asuremen s was caused b-. long te..-m line. variations an.- thermna drif.- Through

the phase senszz-,-.tn.- of the tubes such long term variations can produce the illusion

of nhase variations tha: do n.t exist. Thus. it is expected that the system

resoonse uz'der - ctual conditions -will be better than that predicted from the test

data-

4. Z Vibration Tests

5- 4.2. 1 As explained in the tube deivelop-.-nt sections auxiliary

suDport is neeessary for the tubes in the following areas before they will endure

vibration successfully:

(a) The wav,:guide flanges

(b) in a plane parallel to that w-ich includes the mounting bolts

of the QKSl-Z43.

-4- 2. The above recornzenda'ions were determi--ned experimentally.

Because they- were nat wholly a•nticipated when the vibrazion test fixture was firs:

,aprocured. the f&xture becae-- -rather awkward. Nevertheless. Figures 27 through

31 show•g several views of the test fixture. illustrate the general types c-

auxiliarv suDorts required. Figure 27 shows an over-all view of the zest setup

including the following-

(a) The mo-dulators and electrical conzrols

(b) The vibration test console

(c) The tubes and vibration fixture

(d) A strobe light for visual obser-ation of t€- vibrati-an

-e) A scope displaying the rectified rf oMtpu pulse.



Figure Z7

QKS1Z43I1244 Vibrati Test Setup

-Figure 0

I"lan View - Vibratio- Test Fixture
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Figure Z9

Vibration Setup - Side 1

Figurre 30

Vibration Setup - Side 2
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Figure 31

Vibration Setup - Side 3

Figure 33

Vibration Setum - Side 4

55



3 Dc--zzs of the mount -are in Figure .'i. plan - o e

(a; The rf input bry means of a coaxial-w-aveguide adapter

(b) A clamp on the rf input flange

(c) A clam.-n on the interstage isolator which in this setup had
5

to be adjacent to the QKS12=44

(d) Wa-veguide flange supports on both ends of the QKSIZ43

(e) Auxiliary support for the QKSIZ43 to prevent vibration in

the direction of the QKS1244 -av-eguide run. (See Figure 30-)

Fzgu.-es . thr,,ugh show additional views of all four sides of the vibration test

fixture proceeding in a clockw-ise direction. These indicate how the restricted

area of the main vibration plate prevented sim-.m ple support of the Q-KS1243 by a

surface bearing against the magnet and forced the rather awk-Uard support actually

used.

5 4.2. 4 With the tube chamn operating under rated conditions vibra-

tion tests were performed at 10 g to 500 cycles per the requirement of MIL-E-5400_

These tests performed :n each of three mutua--h-.- perpendicular planes were -.-holIy

successfil in t-hat no resonances =ere a=-r="t r the strobe light --::a no

a-nplhtude oscillations were apparent in the rectified rf pulse. Calibration of the

scope in db was made possible by the inclusion of a calibrated attenuator in the rf

line.

5.4-'. 3 Life Test

5.4.3 1 As recuired in the contract, one tube chair was life tested

for 300 hc-ars. 150 hours under the low duty cycle conditions and 150 hours under

the high duty cycle conditions. Tubes QKS1243 TC and QKSI-44 -. H were selected

for this -purpose. A:thouri. .. • u...... as operable under standard conditions,

ie.. at the same operating point as for those tubes shipped. the chain was low in

5 For freedom of interaction between the ;-arious magnet fieldb -aameguide runs Uf
1. 7 inch and 4.0 inches are rerommended between the isolator and the QKS1244
and QKS1243. respectively.

- 56 -



po-er o-u:tput. The low po.er output, however. -,Fith normal po-aer wna--: "'s felt

to y-eld a more sere and thus more fr.itf;lA life test because of the greater -anode

d,-s i t.ion.

5.4. 3.-2 No problems were encountered during the test- The t-ubes

were tested both bef,,re and after the 300-hc.ur period to check for a change in the

upver)-n mode boundary. It was fou-nd to be unchanged. The only change observed
,;as m the power output which declined 6- over the first 40 hours " t-ereafter

remained reasonably consta--,.. Such a decline during the initial peric-3 of life is

commonly observed in high power tubes and in no way indicates a short lifetime

In Figure 33 the po--w-er outu.it variation with time is shown with a compilation of

the conditions of operation.

5 -4.4 Phase Sensitivity

:5 4.4. 1 The technical recuiremrents called for the amplifier chains

to have nc more than a 1. 5 degree phase variation for a L. 0 percent variation of

pulse power. .Ac-ual testing to this specification was not possible because:

(a) the amplifier chain was made of two tubes and an isolator.

Each tube was ope rated from its own pulse modulator and

power supply. Therefore there was no convenient way to

vary Lae pulse uo-wer input to the two vubes simultancously

in a controlled fashion.

(b) two termi-al cressed-field am-nplifiers are more amen-•sc

to testing in terms of current variations because of their

biased diode type of V-I characteristic.

5.4.4 - A relationship between the phLase sensitivity to current and

that to pulse power can be derived as foillows

Wo = VdI ÷ IdV

dP= dl dV
SP=
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ci 11 Ze dl dy i I di

j- LVoL

Zs= static imnt-edan-ce = V/1

Z~d .;nanc impeedzrc-t = dv~ddI

Mod-..lazor Domecr = V I

The ratio Zd s =0. I for -Azzplitrons. The pa---er n-r-ation in

terms of a L 0 pe rcen: current variatiork is

dp= 1-.0 [1 0 !] =1.10

I hcrefore. .IN9 (10.1) (1.5)- L.65 degrees-

5.4. 4 3Be-ause the -Arnlit~ron currents could not be varied

suzxnultaneouslv- az:d in synch roniszn. th-e worst possible so-ec ification interpretation

-was used.that .s~that-.he ~hzse, variations of each tube would ad-d algebraically- In

Other ~Words.the ramuire-mrm.n wa, accented that the sum of the mhase variations of

Ztie Q-KS1243 and the CMS1244 be e.ts than L 65 degree~c for a 1 percen-t chapg'f of

-A.znolxtron current.

5- 4- 4-'.4 Measu rez-n'ents of phase we re xtadle -=ith the phase loop previously

described- Using this technique the relaticnship between phase .3hipt A ýeamd the

shi.ft ol. zniniznurn "otiion -ax. is

V-x3600

In tetest Ax was -. easured by me-ans of a inicromn-eter. For these nicasurernexas

-', in ersof Ax -=as veyclose to 0, 5 deg:-ces per thousandth.



f ~ ~ ~ .e~ A61A degrees pmer c thc s a-O is

9:525 0. Z84

%, UO 0-490

9675 0. 495

5-4-4-5 Resuilts of tn= mzase sensiti--ritY meas-.re=-ezis a.e gi-wer. in

i abic IF for- tne trie± Crnair s delivered. ~-zs 2. 3 4.

Table iF!
_______ ~RcrsulIs cd t~e Fbase Sensitir.itv Tests __________

jCri jQr.- t K!23 I S1244 Tneal

I c .00148d 3Sdu o0I-,du 08d 01 d r-sd.

f3 19501 C-4a 5 0. 18 11
____~ 10.15 i .3

0-I I i a- 7. I-

#7 0 -5 -Sa 0 -I 1-39
0.55 !-0___ 0-42 0-033 I1-23 -13S

S-0 47 0.90 0.5f

-3 0-.56 OS0
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4 5 DI C _ o 4 - Re suh S

-- 4..5.1 =h.t sr scr.salwaiy af a `-T' canb- ex~-aessed as

lac 0e- as Lre to-'al electrical Iengum in dcg±-ec and1 is equal to

3:0 :inaes -,ne n~umber Of beamrn w-ave 1er.-.n N--

ýor c-o~ar~san.. we s=A1l M~~~aetAzA for a~n A=-a fron

3- 0_I and- stee first ne~ or ncA Lne measured data zfit this relation-

m~~ad- second-~ly ac- me A hro s ersizt~t Vol co ar in at ofa

con'.--irab~e TWT..

5-4- 5-. 2 Because me Ampihran rases a backward-wave circu-it. Linc

n-br of !>ea= icavelengns, can be large wunen :re l'-~e circmit is actually

-% -~ For menne ORin KS 1243. une ci.rcuit1 lemgtn is 2. 0 wavelenzrhs.

wme reas Ime-re are f e, zaaeen1s Tmese ?a'~bers 3Lre obtain~ed tsn~en
I ~S ý iAo?

notation- of Sectan 4- 0 as iollcr - leitw'avelengzs = ýO mean

-A~W~l~g~ =.3 = 360 . Wner -- : s is zm pmase -snift ?,t bare- ccnter.

a ne can Iy z - 114) is tnax 'anieb is ilhius azed in Fges12 and I

Fcr- t.nz OKS1243. irom aFiqure I- a~ - p) = 3ý60

Is 0 -

Z0 x 144

and 0 1



5-4 3 3 Rcjer-7i-g to trnc table of 1t~ ne Q:KS143 --mse sensitiv:tv.

.vcrge T arc 0- -85 for ine - 001M4 duz C.cice 0. 57S for tne r.ig:% duty cycle for

4 ,=an Value --f - 62 Stmilarl - %e mea of vtc Q1KS124-1 awera-ge vaiu- of -.113

azd 4 34-1 s-s424 We snall cheCC~ tA f-.. of tnese Ln our =O~rmated relation 'F'rst.

-cyrvcr -we -a zs: expr-ss pmasc ss vin trm. 01 current- For - th

ars- for tric TWT (cz~Inode zi-lsedj

d! 3 dy 3 i-1

di 3 'ed

Now me casc se.-sitiv-ity formui-tte becot~v

TWT AM PLIT RON

A=0 36 V-60

A*) ()o O A



Ca IC a *.%-d Measuredc

QIS 1 - -3 0) 576 62-9

QKS24;0 i04 C. 464

OQK681 0o2se 0 SOO

T nse daia indicate -ma: use ci tnj. relatijo-snips (2) wiI1 redc

-Axnh~ron onase sensitivity m t' n a factor of t-co hx may. the refore. be most

useful. a= sy~stem planning or- as will L.e seen.. f0? ecoz:paris=

,- 4 5 4 ft is of in~erest to comoarve tne onase sensizivity of the

QRS 1243. 1244 anpl~ficr cx.Atoaco-no.pr.b!c TWT At X-bar4 .& TWT-xzth-!7db_-ainnAs

a~n..n~aeI i bejr~es~Ts c~iti~z- %olt an czarren: CM&n

of 1 0 zk..-cent are sno-zn belo-z

Voltaze Variation Ctrre:-! Varition

T WTI 194 1;

A=.-nplitrnn 10 8 1.05

kn1p roreent Frcto:-
IV ?r~i on oveer T WT) 2 1 3-

4 6 ?nhase e4-arity of a Discs= jt?-- -nlolzfic?

T-he sl&=-wave netuork of an -I-rptrion is .isual.11 dispersi'm i e

in-c rampo 'eloc itv v is not equal :o tnc pft.%se ve1lc ttv v in tz-c feenyband-O of

Interest- Hlowever. its e- rerct ac-.Aac :c is;c S C an UStUAIIV. b- acm-oil -

m-atted by- a st?'~ It - C ne of fo.:mn 0 + b ic Because =n~ as zxe- CrSO&

Th r g :d~dend TWA has a sest~-toV1 cur-en, in tihe ocrser of .1 =* 1 0 Z
And tzts:!c Axl. oIWT t= rowe.nCmI !act*- -,o~z3d be only- 6 i whv=

~o~aea : a ,.6Ieo tube

- -



aofsoi.s to tnýe effect Of 19 vrn t .nsn!O dzsto-tlon. vals is imstigated i

(a) Gxie:% an i-- ~r4

ada niet-orkc Wit= t ra=ifer f.uncio= A(W's *~cre A(;j) -T- and~
Bf,)=0 +b me z outat sivuial will be:

a(J LI - o

-Co

joc
()()AL:) le G (t-b

uAtzon (3) -sta-ts that the O:w~pt Signal 'Wll be a replica of lae in-zI sgna except

trzat it -- ill be delayed bi- ti.... b a~ ~ d fe by mne consz:ani factor -~2sbuiftca
in PhAs' !?F tib contsta= a-. -nt e

(b) o b~
- 0 C

t =t~e ti--ie de'aiv af 17ans=-rted enc rgi te

letzgtu tr

it S-4- "FrCq'nC= AnatlfySi. M~d--lAtic ar oie4 S C-old=%na. N-cG-.xw Hill.

j~;~ ~,6



- ~e-s~c ~&r-A;:-,-% lincar =n;se will zov-.6r Ad-stor:zon fc ~~
m .-- o ad-=- :--e C-cr)deaye-ecri thur tr~e d.ein ela gcc1 ve by

-S Mftin of* freCCUCnv

4 7 Annli-tude -a-d- -. ase Ver.sus - reeuencv

4-7- 1 During the prograu.n great interest 'xas indicated in the

attaia.- ent of a linear p-hase - frequency. characteristic F- ence the data m-neasure"

on each c-'. tne 3 delirered chains are reproduced herein- These c.ata appear as

-lots '-f s .- •ix-g wave ni-nia v " frequency Ihne-, are easily interpreted

since to a fi. st ap-.oiLu ,on 0. 002 incr.es is equal to 1-0 degree_ The ploas.

Figures -I U7.,ugn 19. shroz in most cases h.i•arztv within 4 degrees. Only

in a few instarrs tas ti-e extra !amix.de .r•.mitted for a nalf cvclz sinusoid•al

coin orient utilized

54-72 Tn e-has.sc lo"pal.bration cu.-re. (See Figure 40)-henapzIied to the

unccrrected phase curv-es tends to straighten therm oat and mnakes the results

better -et. In spite 0f trie satisfactory results it i- . that the radar

system reionse will !e even better because long ter.- measurement e.-rors d-e

to voltage drift and ther-,al drift =ill no=, be present anid the errors inherent in

.a- A -band slotted L-ne m-eas-crer-. -%t of standing 'wave miiawill be eIliminated-

We say t-=s rcause analysis of the -Arniitron indicates c--siderably smaller

=Mast var.zatxons trian aooSe actually observed- Howevrer. in any case. the ph-ase

brnavxor of the three ca•i-s delivered is unquestionably go'id.

5 4-7 3 The o.tr: amplitude versus frequency ch.,aracteristic o0

a Q•SI-2431I144 aphfier cza:= cam be exnected to be q-i-e flat zi'm a dow---ward

lihear trend as f-e.C-ueLcv .ncreaes. Power outat vers&-s frequency character-

istics for cha-ns #3 and 14 are platted a an- excpanded scale in Figures 4! and 4.!

These Mlustrate that tna variable compzonen is basically linear. The plots show

tha%.-Whereas the tQtal deratW;on irom --re flatness is at Worst or-IVr 0 i'9 db.

tme cyclic co=u.p o- nts ,have a peak-to-peak. am-phtude of only 0- OS db These

data were. obtaxrnec a: conrs':!n suzting of a line -type %ouatr he only rue

bezrnq- rf drive frequency

I 5
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5- Con,-:derzt~on of :hý Effert of UzNear AIz, dc VxUýno

54-8. 1 Galdzman' has anta1y-zed.using paired echo theor.y. the lo,=

pass case of a net-ao:k hav.-ing an amplitude ftun-,ction A(4- = 40 a, cos c ý; BY

e'acznding his anaA'r~ to the bandnass case we need notz res:r -C'.ij-e' to Ithe

condiitons, of an even zum.iizx.de fitnction a'-- an ced- ahase fzunction We are %he=

free to in-vesti gate the inte rest-m.g case far 'ahicb-

a0 0

(1) to ireal inpn-t expressed as R, jC-it) C u is fce'9 as fe~llow$

7 lot cit



-b,0

5) -bG b C)G b C)-

U)~~~ W. GI G- G

GI ad GC refe to %b n-acadclrtr c--



* - a

C- C) 0-bC!

Wea- azmvromcL'ate the citital Hinear vocV icarialm:n '- ;L portion ef a

sIr~e ei:-.e. llzis ap~roxirna'-ton occurs as c beco~tes -e r7 smaH amd A1 g r a--s

in the- hIit tbe vz~ared echo-- of (8) -aU can~cel d--e to their c-oz-oalritirs- and

the o-:t il be di-tortijon free We con-clude me refore :!'at the- presen~ce 'p a

nmoder:ac limear -w-ariatic-m oz.rirse aznpitiide =a; b-- ne-zected-

5 48 2 Fr41owing the abovre analysis. bat assuntutng a cosine een

araiitt~variatio~n o= tbe pt1tse, Ihe resul~t beconems

i- c

(9 (. G 0'- ) Q. 0 cG

1-ais is a case w~hi*di -=orod be of ir~erest =bena exa~itain th-e

bthavto7i of a dei-:ce edhibiting a I or 3db bandiid'zh ac rcss the p~'such as a

kihst ra a'mhiiucr. 13--re hcmear because cf. the li~caoirie the vaired echo-s

vwill .2s-ays a~dd

5 4 5 3 !n I!he- -measured test data of Figures 43 and -42 thle mosI

anuiztcedeviativn frcqr litwearity - was -z 0- C4 db-Ti de%-t-atinofiel wl

result iz a ti-me !citaloije leuel of only -S!- S db

- 71;



6 5 CONCL'.SION ANDRC M A!X

6 1 The QIKSIZ-1.l 1244l ý,oroarn a.Ls successiulh- cocludved trrt1-c

d-he--T -3-- tree aznilfi~e r ei-ant~s afte~r demnonstration of c or=Ileze co~nnziiance

=.Th the sec--fzcra~~os Thc:e cmazzrs are expe.ted to m~d csz- s.atific-te-.

service in a hi#-- resOauiton radar system

62 On future =-ocr enments. the f*41o~ing ir nrovrnens are

recon,.ne-nded

(a) The QKS 1243 Aninpli: ron weigh-. canm b e duce-d bc as much as

5 lb. and its for-- factor can be il-aro-ced m-irth respe-c. to 7%bra-

tion reCui 'r-emnes b-; utbiizz~g a nc-= mrnamnt idcs i~n szradar t0

that -ifth .F.1

(b) Somne mnrcha--ges of the QK-SIZZ3 cooling fin- ~e tw w.U

proride an ipredp.-roduc: T-he addition olf a Iftz; coolmg Eins

and t.he use ci larger ine r-fzngaps is eo ene

(c) -Minor -ev;-sions ca: thee ~'1 inzeraczioo spacc design- can

resuft in improve-d e~ciiency. in that stage to 50%4.

C) Remiace-mnent of the present cev -ipczavegnide flanges witth

Ccrer flange- uwon-d prowide cost reduction- in additio=,;d tubes-

(C) in the event that cuantity deliveries of chains are anticipated the

setting r-o af. and,4 proriding of a prcducui = line ca-pability for

!h~ese tube type.s sh~ econsidered.



0) 1DEN-TIFICATION OF 'K=*-: T=CRUNICAL PROZE

I The QCI4I44e :ergpo-masuertegneraj

dcc~o f Dr- .1. Scimar-Ian. Man-ager- o-- Emgi;-e-rim for the %lie. mare and

Po~cr Tube Divi~sion and j- S-kowrom. MIdana~er of the Crossed-F-ietld -n1zc

Grc.W A- S-n-±th. Enizzmerma S-ct-ion- Head~zas responsible ffor smecific

co=:duct Of the 'g.--n- Z*Assisti-g in t:- -.-be d.-relopm~e=nt =as MrRMancheszer

rD- -!Yaxrba=:k -cf the-X echanical .nd:Eetia C*=5Uht-:= S-c-tion. Qdality

Assurance Deatnn f the Ravi-the on Wayland -a-boratory- pro-.ided coolimg

a=17f70 -



OP=-RATRCC- LNSTRUCTIONS - QKS124311244 *.%IPLKFIER CHr:AIN

UNED

T EST- DAT-1A - CHFAINKS rZ, 2.J*3. -it



REYT HE: N TECHNICAL INFORM-ATION

The ~ ~ ~ ~ ~ : 2S?3i..i.1I5e s ci of tu- s`-1O trbes semrat.e-
bya frit isoiator. it. te'1 --od--e a ik =mrer o--tpAt of- 5m ;dloG-zatt3 -. c
2-1rf drixe power not lesr. thanm 0-e,--at is z1i to its in~t Zad it: -.dll

corw-r the frecuescy: b.-- 19-525 to 9.675 Q: 'dthu .o~a or electric1~al it-
F~..~orced air cco"'s -- utf-2Ized. TZhe i=wmd f-.2-es of h-oth ;=ýr~

tubes are d'esigrmeG to z:ate idth UC5fUcw.-er fla--es a~y- the imvegijd riazes o.-
the ffe-rite isolator zre d~±e~sig to oatIe xith M.-52A- hok fzanges hm-ing their
tappe-d hole3 drill~ed for- cle.aranse.

The tubes shcaIlI be hemoldie by =agr.ets -- I mat the i=;t or o-atput
wxegrzddes. Ehen first z~ak~t-w 'zbes and islaetor sh~~be e~~s for
p~ossible mecbammicall defets ==-c7h ýMT dae rCIDOelo Zt= ShiZ~eot. ztex
care Zhbould be e:L--i instals thte tubes 4-- t-he edmtfor,. allthotm
a tzes arperma--e =7- create zhe imrsi~of great etr-aztuwal streze-h-, =a~

of the interz-ai. azre delizate. ahze =Se of mo -- j~e-tic bolts, =t--,
dcassnt= ai-d tools .al he re-isC!d ith==g in & 'ic. ah tube sho~ld be
sc=z-ted so t!---.t its cathoe axis is wo.ly et-acat.

Cooling of the tzfbes will reqz~re smUt-ile e~ctork to cocfime Uhe air dcfxo-
leatms and blowers equiya:Ltmt to the fol2oadr--,:

For t'e QE3l2-x&, Arfl'AZ-3 Rif= s].ip vasemd-al fa-- -=th =ter
#3SJS3,4~i~s,2 To -'ts) Zar..: Ent--c

For te QM2323: R£ ".I-&-L, ASS~3A-% U# zli7 vasadial
fan (%40pý 200 -mlt=3 ]Xfr.: Glob~e =iw-utries

She positi've 3mlse -.oltaze so==est.J:* is z=adf to tbe bm(# of eazb tube hic
sbool-d be gro--uld-L. the case ofz t=e Q=2243 lmpiit-si seZ~dlfva ---ta~e is-
appied to the hig~h voltage bi~d;riz poe. at the extrc~Ity, of the cer2=:c lspzt.
bcs!dsn.. Is Ute case of the C5l2LL A Z=i±ran the bizzd-iZ ;ozt idirctl on the
Axis of the cer~ic inpot1. lmmi~ar IS t~e- cc=.- hes1tcr-at~hrde coane=W.- and tze
Wninm.g post. lo~t~ed off the xiz- of. thze beshý Ls Vze cathcdecc.stc ar
shzxdd be takmr ims affix~ng les-d3 to t!:e u te. arld tezcesziVe tmrise.*

*Mrade~ark of Ra,-ytba C~a;

RAYTHEON COMPANY -- LYT'EON

"M3CROWAV.E ANDO POWER TU8E DiVIS3ON

SpEpecER LAS, -^TORY

Bur-0_zmG;ToN PI2ASS- D030



It. is strongly, =Z-ed t.hat s=7-atkle ferrite isolaticni be pro-.1ded between the
i=f1e -, -in md the -14T dr-5yr. &Oityzt isol-e-Am will not, be reqtdred if the

load Ma~iF is less thaa 1-3.

khen first. set uP, before applying- heater pora or high voltage to the tubes,
rf driv-.e oomer sham-lfi b- applied and it will pass tlo-gh the tthes sffering on3y
a =alfl loss. If. as a result of -- isban, the Yau=: widthin the tube has beccas
lost, the rf drive, =owt- wifl be ab.-onbed wiatfdn the tube and negligible rf
fee-d-through wilL be obtained. Ucerta sueb cfrcns.tanes, no heater or !5gb voltage*
sbould be apid

Pre.at AC -r a then be applied to the QM=2~ Ami-21trio as fd-flovs:
E6- 1.6 volts - 6,- 63 a=.s. A 3*.v--n-e warmp time is advised. Followin~g

the Fe--heat cycle, pirovidinmg the cooliing systea is operataing, high voltage 3a' be
applied. It. is rec ~ed that. ths be- eone seq.affltial2y, at. least imtilI
I 'nl-laritT -'ith the tubes has b-en obtaaned4 by -switeting on trs the Q3312LI4

amd checkirg for crpropperatixg before proceeding. Falure to obtain stable
operation can mean either oA' tw tbings:

(a) applied -wo-tage is too bigh

,.b) woltage is beirg a~qlied =,-;or to the rf drive
pilse C ggr4J- misaligmoect)

When stable o~peration of the QMS5.24k hAs been obtidned, the Q7S1213 may be
turned on. Snap cm offboth tubes is joerAssible provided that- it. iianeite]l
results in stable perfcesa=c-if it does not, the an't 2ike3,T canse of instatility
is either (a) or (b) Above. Operation of a tube in such a comliticn cam camse
irreparable damage to t-he czatbode. TIus, ur4L-r =o =4itions aboud the tubes be
operated --' the absence of rf drive power. 'the rf drive pulse eboald cvrerl-ap the
Amp"tron modmlating rulse to tro-side -.f drive bef'ore and t~oughaut the knUltron
pul1se. The - ,1- of overlap Is opticral.

PZ~SE CMTIC3S

P-1-3- ca .itions are given in the attach.ed test- data. Operat~on uz~er or-ther
False ccoditiac ca~n result in damaGe to the kAlitron If the deviatin from tbhe
given ew~di-tnons is- large.

The Anzt bushing shoold be j;ressied to 14 paia rdni=;. '2ie cut.-t± wqegdce
sbold be WeissuIzed to 25 pSda -Jdnm The interstage and inj~t vv'egide rn
-taxxa4 be press=-Ized to 11. ;:a -



Page 1F3

The Q~i]242/4I~ =nllfier ch~ain, uben~ propex-ly - wdadwilii dthstan the
vibration comdItions zpe-AfiVed for CLa3s I eq~ipveit by iml-7--54.C. Prpe
noantirg includes iOrz support, of all wayegzidde flanges, the isolator, the
QM32L4 -idth ! bolts an th-- QMl23 with 2 lca't.s =d 2 baktthe latter
prviddirg suzoart, in a plane perpendicular to the plane of- the bolts. Rqthecn
mill p?'ovidr detailed mnmtixng rezomendatioms upon raqaest.

7he foaledzng gxidelimes areugstd

(1) Intwlnck to pzwvnt a;Pp` -aticn of high voltage in the absn~ce of
forzed air Coolirg.

(2) Control cIrcwItz7 to prevext the applicatioun of high: voltaga in the
absence of adeciatte rf drivre.

(3) Spark g=_ to zrevent inust bmasMbir*eabdown in the eruit of
overwoltoge-

(A.) lInteclckz to pro-vent tube operation in the abenice of prope



QKS1243/ 1244 AMPLIFIER CILAIIX

GENIERAL INFORiMATIO

Weighis:

QKS1243 35- 0 pounds

OKS1244 8-5 p~ounds

LX Z4 2- 1 =Owlds

A--__e -Cathode Capacitance

n1KS1243 13.6 pIL

i0CS1244 18.4 •u4z

LXH Z4Z. 1 o-t -



TEST DATA - QKS124311244 CA12--N #Z

August Z!. 1964

.cq. Avg. Power Phase Phase Sensitivity Voltage Current

Mc Watts Mic. Rdg Degrees I1le i -:.VI rvrA

9501 771 194 {15.87 8. 25-1244
135-80 39- 30-1Z43

9513 760 214.5

9524 743 227.5

9536 730 243.5

9547 72Z 254.0

9558 730 264.9

9570 735 Z62 5

9581 744 265 5

9593 754 2.65. A

9604 760 266.0 0 :-: QK-QIZ43

f0-04 QILRI24-4

9616 770 Z67.

9628 780 2; -

9640 780
9657- 7180 Z- 5

9664 789 285.

9675 796 5 -

9687 802 283.0

.699 80.4 U84.5 '16-.35 8- 0 - 1244
"3 ;. if) 38. 0 - 1Z43

Corditions

prmi 700 pps

OKS1243 -t = Z. 0 :z

.KS1244 - to = 2. p

- 1-6 -



TEST DATA - Q-KS124'!'1244 CHAIN #2

August 21. i964

Fr-eq. Avg. Power Phase Phase Sens:-!iity Voltage C,- rre.nt
Mc Watls Mi-. Rdg 6rees/!' Ai k_ _ mA

9501 a68 305.3 15.9 16.65-1Ž--

45.- -1243

9513 845 322.5

95.4 814 329.5 10-.4 - QKS1243
0 - QKSl1244

95$36 781 342

9547 772 352

953d 755 355

9570 755 359

9581 7165 M

9593 768 362

9604 773 364 1O. 580 - CKS1243

9616 781 368

9628 785 366

9640 781 370

9652 786- 376

9664 790 380

9675 793 381 (0. 470 - QKS1243
jo. 900 - QKS1244

9687 -789 386

9699 785 391.5 '16.2 15 9-124:j
135.- 41-.8-1243

Conditions

prd = 140G pps

QKSIZ43 tl= -. 0 IOs

QKS1244 %p= 2. 7Z-

- --I -



T ES T DAT A QKS.:2431 1244 CHIAW? #3

S Avg-. Pow~er Phase Pnase Sensitivity Voltage Currant
Watts Mic. RdR Dep-rees1Pls al kV mA

957 10 8-P! I 6 - 15 7. 1 for 1,244
371 36. 5 for 12413

766 82 5

952-I 162 826.. 5 10. 90 (QKS!244)

9536 75Z 828-5

95417- 75z 835-5

95%S 752 835-5

9581 $~ 34

9593 138 839

164730 8A6 0-. 390 (QKSIZ124)

9616 7284J9. 5

S628 U24 849.5

9640 _H7 846.5

.65Z 711 846

C664 115 544

9~7571; U Jo !&~(OESIZ2:4)
~050(Q1S 1243)

.637 117 3

7f9 04 B:47 516- 56 7. 0 for 12~4
396.0 for. 124:.

Conditions

p-if = 100 pps
Qws 1243 0 Z.Os

QRS 1244 tm, Z-2 L



TEST DATA 1C.S1243/1244 C:-IAINt -3

- .reo.- Avg. Power PIhase Pase Sensitivity Voltage Curr-en
.Mc Wats .Mic- RdX Degreesllr .. v _

9501 791 883 fO.18°0-IKS1244) 1.1.61 12. 5 for 1244
L0 . 435-"OKS1Z43 L6. 0 44. 2 for IZ43

9513 187 887

95Z4 784 889.5

9536 ";80 894.5

9547 772 899

955-8 710 904

9590 761 907

9581 753 909- 5

9593 t44 912.- 5

9604 ", 17 0. 160 (QKS1Z44)

to72o? (Q--riZ43)
9616 7Zb 9=i7.5

9%28 728 916

9640 ?25 913-5

965a 713 915

9664 7Ti 91- S

9675 706 915-5

9687 698 917

9699 699 916.5 •o.ZZO •s;I44) f 16.65 12..0 for 144
•0. 6950 (QKS12-43) L36.6 43.0 for 124t

CoQ itioms

prf = 1400 pps

QKSIZ43 t = Z. A ps

0CLS1244 t = 2. 2 as

- 1-9 -



TEST D-ATA QSi-Axý43I 1244 C:'%-,AN' 0-4

- rec. Avs. Power Phase Phase Semsiti~ity Voltage Current
MrWatts 3&ic- Raeg. Degreesli% -Wi kV -MA

9501 82-8 817 ro - 5950 (QKSIZ44) f16 .03 1- 5 for 1244
j11-27 0 (QKSIZ-43) j3.. 37- 5 for 1243

9513 830 825

95ý4 630 831 (053r' (OS17Sl'4)

9536 830 834

9547 830 841 (0 50 (CO.S1Z44)
PIK 990 (QKXS1Z43)

9558 8725 846

9570 825 854

9581 8275 860
9593 82, 864

9604 825 873 (0.420 (QXS 1244)
rO._8 10 (QKS 1243)

9616 820 874

9628 816 8M

9640 812 873

965Z ai2 89-1

9664 8OS 885

%675 goo 889

%-87 794 892
.69.9 790 86 (0-.3S 09--K1244) "16- 35 7-.0 for 1244

[0.710(QXcS1243) W-73 36-.0 for 1243

Conditions

pri = 700 pps

&MS143 t p=2-0 Oas

Q1ZS IZ44 tp 2.jZFS



TEST DAT A Q-XIZS1Ž31 1244 CILALN 5.1

Fr. eq. Awz_. Power Phase Pihast: Sensitivity Voltage Current
Ic -Watts mic. -Rde.. DeereesIM1AM k'tJ _mA

950 890 69sif (QKcS1Z44) 15. 87 Mb.. 5 ,Or 1244;
9501870159O Q1CS1Ž43) {35-7 4 4. f or 124

553866 172

952Ž1 86 16Z

9536 855 192

9547 851 199

9588 850 2iA

95780 841 Z18

9581 838 226i

Q593 830 Z37.5:

96041 an 240 (0- 33 0 (QKSIŽ>44)
11- 050 (QKSIZ43)

9616 8Ž5 Z44

"940 8an Z51

96511 812 45i

9644 810 Z66

%975 7"9 Z70

9687 793

9699 780 Ž4 (0. 350 (CKS 1244) 16 Z3 12. 0 for 1244

f.0_415'1QKS1243) f36.4 4z- 0 for IZ43

Ccaniticmnm

prf = 1400 pps

QXSIZ43 t =2. 0 ps

CIKSIZ44 p=2. Z jzs

---l ----------
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